Abstract Physical properties of gelatin extracted from Unicorn leatherjacket (Aluterus monoceros) skin, which is generated as a waste from fish processing industries, were optimised using Response Surface Methodology (RSM). A Box-Behnken design was used to study the combined effects of three independent variables, namely phosphoric acid (H 3 PO 4 ) concentration (0.15-0.25 M), extraction temperature (40-50°C) and extraction time (4-12 h) on different responses like yield, gel strength and melting point of gelatin. The optimum conditions derived by RSM for the yield (10.58%) were 0.2 M H 3 PO 4 for 9.01 h of extraction time and hot water extraction of 45.83°C. The maximum achieved gel strength and melting point was 138.54 g and 22.61°C respectively. Extraction time was found to be most influencing variable and had a positive coefficient on yield and negative coefficient on gel strength and melting point. The results indicated that Unicorn leatherjacket skins can be a source of gelatin having mild gel strength and melting point.
Introduction
Gelatin is a high molecular weight biopolymer obtained by partial hydrolysis of collagen which is found in the bones, scale, skin, connective tissue and intestines of animal (Mohtar et al. 2010) . Therefore, gelatin is normally manufactured from the waste generated during the animal slaughtering and processing such as skin and bone. The wide applications of gelatin in food, pharmaceutical, and photographic industry is because of its unique functional and technological properties (Karim and Bhat 2009) and compatibility with wide variety of ingredients. So far the main source of gelatin is limited to those of land origin such as bovine or porcine skin and bone. However, gelatin obtained from porcine skins or bones cannot be applied for some foods due to esthetic and religious objections (Sadowska et al. 2003) . Therefore, alternative sources, especially fish processing wastes including skin, bones or scale have been paid increasing attention for its extraction (Pranoto et al. 2007 ). Skins, scales and bones contribute about 30% of waste generated in fish processing industries (Kittiphattanabawon et al. 2005) . Several authors have reported extraction of gelatin from waste of several cold water fishes such as cod (Gudmundsson and Hafsteinsson 1997) , hake (Gomez-Guillen et al. 2002) , pollock (Zhou and Regenstein 2004) , Atlantic salmon (Arnesen and Gildberg 2007) , rainbow trout (Tabarestani et al. 2010 ) and warm water fishes like megrim (Montero and Gomez-Guillen 2000) , tilapia (Jamilah and Harvinder 2002) , shark (Cho et al. 2004) , nile perch (Muyonga et al. 2004) , yellow fin tuna (Cho et al. 2005) , big eye snapper and brown stripe red snapper (Jongjareonrak et al. 2006) , channel catfish (Yang et al. 2007 ) grass carp (Kasankala et al. 2007 ), skipjack tuna (Aewsiri et al. 2008 ) and authors also reported and compared the properties of obtained gelatin with gelatin from various marine sources as well as mammalians. It has been suggested that gelatin from warm water species has an advantage over those extracted from cold water species, providing nearly similar rheological properties to mammalian gelatin (Cho et al. 2005; Gilsenan and Ross-Murphy 2000) . Scientific literature about different alternative sources and new functionalities of collagen and gelatin has experienced a boom in the environmental friendly management of industrial wastes (Gómez-Guillén et al. 2011) .
In present study, gelatin was extracted from the skin of Unicorn leatherjacket (Aluterus monoceros), which is a reef associated subtropical fish occurring in the continental shelf down to 50 m depth and belongs to the family Monacanthidae and the order Tetraodontiformes. It is widely distributed in Atlantic, Indian and Pacific oceans. This species has been used for fillet production and for the export in frozen condition in India. As a consequence, a large amount of skin is produced as fish processing waste. The skin of Unicorn leatherjacket is relatively thick and can form an ideal raw material for gelatin production. Recently, Ahmad and Benjakul (2011) studied the characteristics of gelatin extracted from the skin of Unicorn leatherjacket (Aluterus monoceros), as influenced by phosphoric and acetic acid pretreatment and extraction time. However, optimization of the extraction conditions for achieving better yield and functional properties of gelatin were not attempted. The main objective of the present study was to optimize the extraction of gelatin conditions by Response Surface Methodology (RSM) for achieving enhanced response variables.
Materials & methods

Materials
Unicorn leatherjacket (Aluterus monoceros) skin waste was collected from Sassoon Dock Landing Centre, Mumbai, India and transported in ice to the laboratory. The skin was washed thoroughly using 10 ppm chlorinated water and cut into pieces of 5-6 cm size, placed in polyethylene bags and stored at −20°C until used. The storage time was less than 4 months. All chemicals and reagents used in this study were of analytical grade. Phosphoric acid, GR (85% Cat. No. 1.00573) and sodium hydroxide, GR (Cat. No. 1.06498) were procured from MERCK (Germany).
Experimental design
To optimize gelatin extraction from Unicorn leatherjacket skin, the Response Surface Methodology (RSM) was adopted and for determining the effects of the independent variables on gelatin extraction, the Unscrambler Software (CAMO, Norway) was employed for Box-Behnken Design (BBD) of RSM (Box and Behnken 1960) . Based on preliminary experiment three independent variables, molar concentration of H 3 PO 4 (A) pre-treatment, hot water extraction temperature in°C (B) and extraction time in h (C), were used to determined the response pattern against the dependent variables i.e. yield, gel strength and melting point. Each independent variable had three levels −1, 0, +1 and the experiment as shown in Table 1 was conducted as 15 experimental points. A second-order polynomial equation, such as:
was obtained using response surface regression:
where Yi is the predicted response, xi and xj are the independent variables, βi is the ith linear variable coefficient, βij is the ijth interaction coefficient. In this experiment, the independent variables are termed A (phosphoric acid, H 3 PO 4 , molar concentration), B (extraction temperature,°C), and C (extraction time, h), and the predicted response are Y 1 (yield, g), Y 2 (gel strength, g) and Y 3 (melting point,°C).
Extraction of gelatin
Gelatin was extracted from the skin of Unicorn leatherjacket (Aluterus monoceros) following the procedure described by Jongjareonrak et al. (2006) with slight modification. Thawed skin was soaked in 0.1 M NaOH with a skin / solution ratio of 1:7 (w/v). The mixture was kept at 6±1°C for 2 h with occasional stirring and the alkaline solution was changed every 1 h interval in order to remove non collagenous proteins and pigments. Alkaline treated skin was then washed with potable water until neutral or faintly basic pH of wash water was obtained. The skin was then soaked in 0.15-0.25 M H 3 PO 4 with a skin/solution ratio of 1:7 (w/v) for 24 h with occasional stirring at 6-7°C. The acidic solution was changed every 12 h to swell the collagenous material in the fish skin matrix. Acid pre-treated skin was washed thoroughly with potable water until wash water became neutral or faintly basic. To extract gelatin, the swollen skin was soaked in distilled water with a skin/water ratio of 1:3 (w/v) in a temperature-controlled water bath at 40-50°C for 4-12 h with an occasional stirring. The mixture was then filtered using two layers of cheese cloth. The filtrate was further filtered using a Whatman No. 4 filter paper (Whatman International Ltd., England; Cat.No.1003 150), followed by drying the solution in thermostatically controlled hot air oven at temperature 80±2°C for 18 h. The powder obtained, referred to as Unicorn leatherjacket skin gelatin, was calculated based on the weight of dry gelatin in comparison with that of fresh skin and was stored at room temperature (25±5°C) for further analysis.
Determination of gel strength
Gel strength was measured according to the method described by Duan et al. (2011) with slight modification. Samples of gelatin gels were prepared by dissolving 6.67% (w/v) of dry gelatin in distilled water and then heated at 60°C in a water bath for 30 min until gelatin was completely dissolved. The gelatin solutions were cooled at room temperature (25 ±5°C) for 30 min and the gelatin solution (60 ml) was filled in 100 ml capacity corning beakers before being chilled in a refrigerator at maturation temperature 6-7°C for 18 h. The samples were assumed to be at a temperature of 7°C since the gel strength was measured immediately after being removed from refrigeration using a Model TA.XT2 Texture Analyser (Stable Micro Systems, Surrey, UK) fitted with a 12.7 mm diameter cylindrical delrin probe at a speed of 1 mm/s with 5 Kg load cell. The gel strength was expressed as maximum force (in g), required for the plunger to penetrate by 4 mm into the centre of gelatin gels. The measurement was performed in triplicate.
Melting point Determination of melting point was based on the JIS K6503 (JSA 1996) method with slight modification. Solutions containing 6.67% (w/v) gelatin were prepared in thin walled (12-mm×75 mm) screw cap test tubes. The test tubes were filled to leave some headspace and closed. The dissolved samples were held in a refrigerator (7°C) for 16-18 h, after which they were transferred into a water bath (10°C). One or two drops of mixture of 75% chloroform and 25% reddish brown dye (food colour) were added in all test tubes to observe the melting point. The temperature of water bath was increased gradually at the rate of 1°C per min from its initial temperature 10°C. The temperature was read using an electronic digital thermometer (Fischer Scientific, Germany). The water of bath was constantly stirred manually using a plastic spatula in order to maintain uniform temperature of bath. The temperature at which the drops began to move freely down the gel was taken as the melting point. The measurements were done in triplicate.
Results and discussion
Optimization of gelatin
The yield, gel strength and melting point of the extracted gelatin were measured at 15 experimental points obtained by Box-Behnken design (Table 2 ). All the quadratic coefficients were observed highly significant (p<0.05) in all the models except the term BB (quadratic effect of extraction temperature) of Y 2 (gel strength) and Y 3 (melting point) (Table 4) . On the (Table 3 ). The R 2 values for all the models were extremely high.
Analysis of variance (ANOVA)
The ANOVA for the models that explain the response of three dependent variables Y 1 , Y 2 and Y 3 are shown in Table 4 . The total regression models of yield, gel strength and melting point were highly significant (p<0.01, p<0.001, p<0.01) respectively at 99% probability level. The lack of fit values of Y 2 and Y 3 did not show a significant p value (p=0.2407, p=0.1276 respectively) at 95% probability level (Table 4 ). The lack of fit value indicates the fitness of the model. Therefore, response surface model represented as quadratic polynomial equation was statistically significant.
Response surface plots and the effect of factors Figure 1 shows the estimated response function and the effect of the independent variables (A, B, C) on the dependent variables (Y 1 , Y 2 , Y 3 ). The plots are represented as a function of two factors at a time, holding other factor at a fixed level (middle level). Figures 1a, b, 2a , b, 3a and b depict the effect of independent variables on Y 1 (yield), Y 2 (gel strength) and Y 3 (melting point). As the level values of three independent variables were closed to zero, yield increased. The effect of factor C (extraction time) was statistically significant. The three dimensional plot shows that yield and gel strength increased with an increase in extraction temperature and acid concentration to optimum point whereby further increase leads to a decrease. This decrease could be due to the production of short protein fragments and lowering gelling ability (Ledward 1986; Normand et al. 2000) . Moreover, high temperature yields low molecular weight protein fragments (Cho et al. 2004) . The effects of acid concentration and extraction time on the melting point of gelatin are shown in Fig. 3a, b . The three dimensional plots show that there has been indirect relationship between extraction time and melting point.
Gelatin yield
Gelatin yield is considered to be one of the most important parameters for the gelatin industry because of its potential economic importance. Gelatin yield is influenced by all the independent variables like H 3 PO 4 concentration, extracting temperature, and extraction time. The model obtained by RSM produced a satisfactory fit to the data with regard to the gelatin extraction R 2 = 0.971, p = 0.0025 (Table 3) . Extraction time is the most significant factor on yield. Based on response surface analysis, the predicted maximum yield was 10.58% at extraction condition of H 3 PO 4 concentration 0.2 M, extraction time 9.0 h and extraction temperature 45.83°C (Table 5) . Ahmad and Benjakul (2011) reported a yield of 6.12 and 11.54% (wet weight basis) for the Unicorn leatherjacket (Aluterus monoceros) by using 0.2 M acetic acid and 0.2 M phosphoric acid respectively which was 1% higher than yield (10.5%) found in the present study (Table 1) . This may be due to differences in proximate components in the skin as this property seems to vary within the species and age of the fish (Muyonga et al. 2004) . Gomez-Guillen et al. (2002) reported the yield of 8.3, 7.4, 7.2 and 6.5% gelatin extracted from different fish species sole, megrim, cod and hake respectively. In the case of other species, Grossman and Bergman (1992) reported a yield of 15% for tilapia skin. Similarly, Gudmundsson and Hafsteinsson (1997) also reported a gelatin yield of about 14% for cod skins. However, Jamilah and Harvinder (2002) reported that the yields of gelatin for red and black tilapia were 7.81% and 5.39%, respectively. From the present study it was revealed using RSM that the yield was increased as the extraction times and temperature increased. The results were in accordance with Arnesen and Gildberg Table 3 Response surface models of gelatin from Unicorn leatherjacket skin
Responses
Regression equation R 
who reported that increasing extraction times were associated with the increase in yield of gelatin from Atlantic salmon skin. During heating hydrogen bonds stabilizing triple helix of mother collagen were destroyed, leading to helix-to coil transition. This resulted in the conversion of collagen to soluble gelatin (Benjakul et al. 2009 ).
Gel strength
Gel strength is the most important attribute of gelatin and determines the quality of produced gelatin. The application of gelatin was determined by the range of gel strength values. Usually, the gel strength of commercial gelatins ranges from 100 to 300 g, but gelatins with gel strength of 250-260 g are the most desirable and suitable for a wide range of applications in the food industry especially in the processing of jellies, canned meat, marshmallows and yoghurts (Holzer 1996) . Fish gelatin typically has a gel strength ranging from as low as zero to 426 g, compared to 200-300 g for bovine or porcine gelatin (Karim and Bhat 2009) . Some species of warm-water fish gelatins have been reported to exhibit high gel strengths, close to that of porcine gelatin while cold water fish has poorer physical properties (Gudmundsson and Hafsteinsson 1997) .
According to the results of gel strength the extraction temperature (B) and extraction time (C) are the most influencing factors. However, the effect is negative. Higher extraction This may be due to shorter peptides fragment (Gomez-Guillen et al. 2002) . The gel strength of gelatin from the skin of Unicorn leatherjacket, which is a sub tropical fish, was 138.54 g. This value is low compared to that of gelatin from the skins of warm water fish such as grass carp (267 g) (Kasankala et al. 2007) , tilapia (328 g) (Songchotikunpan et al. 2008) , giant catfish (153 g) (Jongjareonrak et al. 2010) . It may be due to limited imino acids content which might have resulted in less triple helical structures resulting in lower bloom strength. Bloom strength not only depends on average molecular weight of gelatin but also is dependent on other factors such as the chemical treatment of raw collagen material, type and concentration of the gelatin and the time/temperature history of the sample (Babin and Dickinson 2001; Kolodziejska et al. 2004) . But the result obtained is higher than the values obtained from cold-water fish species such as salmon (108 g) (Arnesen and Gildberg 2007) , cod 70-90 g (Gomez-Guillen et al. 2002) , while that for Alaskan pollock it was 98 g (Zhou et al. 2006) . The extracted gelatin with low gel strength may find application in microencapsulation, light sensitive coatings, low-set time glues and as shampoo ingredient (Rustard 2003) . Also fish gelatin with low bloom value and low melting point can accelerate the flavour release than high bloom value gelatin (Zhou and Regenstein 2007) .
Melting point
The melting point of gelatin is the point at which the gelatin gel starts melting when the temperature increases above a certain point. The model developed for predicting melting point could explain 94.2% of the variation observed in this functional property (Table 3 ). The melting point of gelatin extracted from Unicorn leatherjacket skin was 22.61°C in optimum condition which was higher than the results of cod skin (8-10°C) (Gudmundsson and Hafsteinsson 1997) , hake (14°C), sole (19.4°C), megrim (18.8°C) (Gomez-Guillen et al. 2002) and grass carp (19.5°C) (Kasankala et al. 2007 ). Typical melting points for fish gelatins range from 11 to 28°C (Karim and Bhat ). It was well recognized that the melting temperature of gelatin prepared from the skins of warm blooded animals and warm water fish is generally higher than that of gelatin from the skin of fish living in cold-water (Gilsenan and Ross-Murphy 2000) . In this study the obtained melting point was lower than some gelatin such as black tilapia skin gelatin 28.9°C (Jamilah and Harvinder 2002) . For porcine and bovine gelatins, the melting points range from 20 to 25 and 28 to 31°C, respectively (Karim and Bhat 2009) . The results obtained were consistent with the finding of Choi and Regenstein (2000) that the increase in gel strength of a gelatin gel is accompanied by an increase in melting point.
Conclusions
Response Surface Methodology allowed the development of polynomial equation for optimization of gelatin extraction from skin waste of Unicorn leatherjacket. The generated model was able to explain adequately the activity of dependent variables by changing independent variables. The skin of Unicorn leatherjacket can be a possible material for gelatin production, which can be used in products requiring low gel strength like soft 
